In 2014, the preterm birth (PTB) rate in the United States was 9.6%.
of PTB. Recent pharmacokinetic simulations from our group suggest that plasma 17-OHPC levels are impacted by maternal body mass index (BMI). Based on a secondary analysis, we have also shown that women with plasma 17-OHPC levels below a threshold concentration experience higher rates of PTB.
3, 4 We have reported that the volume of distribution for 17-OHPC is more in obese than nonobese women and since 17-OHPC is highly lipophilic, the question is raised whether 17-OHPC is less effective in women with a higher BMI or body weight. However, prior studies attempting to answer this question have provided conflicting results. [5] [6] [7] [8] To address this question, we utilized two datasets. First, we performed a secondary analysis of the Eunice Kennedy Shriver National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network (NICHD MFMU) omega-3 randomized controlled trial by Harper et al.
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In addition, we utilized data from the Obstetrical-Fetal Pharmacology Research Units (OPRU) Network study describing the pharmacokinetics of 17-OHPC in women with singleton gestation. 10, 11 Our hypothesis was that the rate of recurrent spontaneous PTB in women treated with 17-OHPC is modified by maternal BMI.
Materials and Methods
This is a secondary analysis of data collected in a randomized double-masked placebo controlled trial conducted by the NICHD MFMU Network. The primary study was conducted at 13 centers between January 2005 and October 2006. The original study design and population have been previously described. 9 Approval from the Institutional Review Board was received at each institution for the original study. All women who participated in the study provided written informed consent. Briefly, women with a current singleton pregnancy between 16 and 21 6/7 weeks who were at increased risk for PTB (history of one or more documented singleton spontaneous preterm deliveries between 20 0/7 and 36 6/7 weeks of gestation)
were recruited. Exclusion criteria were women with excess fish oil supplement intake, allergy to fish, anticoagulation therapy, hypertension, White's classification D or higher diabetes, drug or alcohol abuse, seizure disorder, uncontrolled thyroid disease, clotting disorder, current or planned cerclage, or a plan to deliver elsewhere, plan to deliver before 37 weeks of gestation, or evidence of a major fetal anomaly. Consenting eligible women received an injection of 250 mg of 17-OHPC and a 7-day supply of placebo capsules. Those who either did not return after 5 days and before 21 6/7 weeks of gestation or had taken less than half of the placebo capsules were not allowed to participate. Women passing the run-in phase were randomly assigned to receive either a daily supplement containing 1,200 mg of eicosapentaenoic acid (20:5n-3) and 800 mg of docosahexaenoic acid (22:6n-3), for a total of 2,000 mg of omega-3 long-chain polyunsaturated fatty acids, divided into four capsules, or matching placebo capsules, which contained only a minute amount of inert mineral oil. All women received weekly injections of 17-OHPC (250 mg) as described in the trial by Meis et al. 2 Study drug and 17-OHPC injections were continued until delivery or 36 6/7 weeks of gestation, whichever occurred first. This trial found no benefit of omega-3 long-chain polyunsaturated fatty acid supplementation in reducing PTB. Thus, for this study, we included women in both the treatment and placebo groups. As we did not have access to plasma concentrations of 17-OHPC in this cohort, we also present data from a multicenter OPRU Network study evaluating the pharmacokinetics of 17-OHPC to assess the impact of BMI on plasma levels of 17-OHPC. The original study design and population have been described previously.
11 This study included 61 women from four centers who received 17-OHPC based on a history of at least one prior spontaneous PTB and participated in a pharmacokinetic study between 31 0/7 and 34 6/7 weeks of gestation. At each pharmacokinetic study, venous blood was obtained daily for 7 days prior to the next injection of 17-OHPC but after steady state had been reached. Women were included if they participated in the pharmacokinetic study between 31 0/7 and 34 6/7 weeks and had an enrollment BMI recorded (n ¼ 43). In this study, we compared trough plasma concentrations of 17-OHPC obtained immediately prior to the next injection to pre-pregnancy BMI.
For the omega-3 cohort, a total of 3,755 women were screened; 994 participated in the run-in phase, and 852 of these passing the compliance testing were randomly assigned to treatment. Of those assigned to treatment, 434 were randomly assigned to the omega-3 supplement arm and 418 to the placebo arm. All women received 17-OHPC. The primary outcome was available for all 852 women. In this secondary analysis, women were excluded due to poor compliance (less than 50% compliance with weekly injections), a cervical length less than 2.5 cm, underweight BMI (<18.5 kg/m 2 ), missing information on maternal BMI or for a medically indicated PTB (►Fig. 1).
For this analysis, data were analyzed with subjects grouped according to BMI prior to pregnancy: normal (BMI: 18.5-24.9), overweight (BMI: 25.0-29.9), obese class I (BMI: 30.09-34.9), class II (BMI: 35.0-39.9) and class III (BMI: 40 and above). Due to limited sample size in classes II and III obese category, we also performed analyses after consolidating the three obesity classes into one group "obese" (BMI: 30 and above). The primary outcome was spontaneous preterm delivery prior to 37 weeks. Secondary outcomes included delivery before 32 weeks and before 28 weeks. Statistical analysis was conducted using STATA software, version 14 (StataCorp, College Station, TX). Continuous variables were compared using Student's t-tests and Wilcoxon-Mann-Whitney's tests as appropriate. Categorical variables were analyzed using chi-square or Fisher's exact test, where appropriate. Multivariable analysis included log binomial regression to evaluate the independent association between maternal body habitus (as a discrete variable: obese/ overweight vs. normal, and as a continuous variable: increasing BMI) and spontaneous preterm delivery, a relatively common outcome. Adjustment covariates were chosen a priori based on previous literature and included age >30 years, marital status, years of education, smoking, >1 previous PTB, earliest prior PTB <28 weeks. Results were presented as adjusted risk ratios with corresponding 95% confidence intervals, and a p-value <0.05 was considered statistically significant. No adjustments were made for multiple comparisons.
Results
A total of 708 women were included in the final cohort. Demographics of our final analytic sample are shown in ►Table 1. Overweight and obese women in our cohort were more likely to be non-Hispanic black, had fewer years of schooling, had a higher parity, and were more likely to have preeclampsia or gestational hypertension in the current pregnancy than normal weight women. There was no difference in average gestational age at delivery.
Overall, the rates of spontaneous PTB at less than 37 weeks did not vary significantly by BMI category (►Table 2, ►Fig. 2). With stratification by obesity class and various gestational age cutoffs (< 35, 32, and 28 weeks), there were still no significant relationships between BMI category and the rate of PTB. When the three obesity categories were collapsed into one category for comparison of normal women to obese women, spontaneous PTB occurred in 37.4% of normal weight women compared with 31.5% of overweight women and 34.3% of obese women. Although not statistically significant, there was a trend toward earlier PTB in obese women; 2.8% of normal weight women and 5.9% of obese women delivered prior to 28 weeks (p ¼ 0.073) and 7.4% of normal weight women and 12.3% of obese women delivered prior to 32 weeks (p ¼ 0.058).
Logistic regression analysis was performed to further characterize the relationship between early preterm delivery and increasing maternal BMI. The unadjusted risk of recurrent spontaneous PTB prior to 28 and 32 weeks in women with class III obesity was 3.62 (1.17-11.23) and 2.04 (0.89-4.69), respectively. When we further adjusted for race, older maternal age, marital status, years of education, smoking, more than one prior PTB and early gestational age of qualifying PTB, the risk ratios showed no statistically significant relationship between BMI and spontaneous PTB at earlier gestational ages (►Table 3). This finding was similar whether BMI was assessed as a continuous variable or categorically and at later gestational age cutoffs (35 and 37 weeks).
To assess the relationship between 17-OHPC concentration and maternal BMI, we used available data from a smaller cohort study through the OPRU as plasma levels from the omega-3 cohort were not available for this analysis.
11 Demographic characteristics of this cohort have been described previously.
11
Briefly, these women had a mean of 1. Normal weight n ¼ 326 who were receiving 17-OHPC found no significant difference in the incidence of recurrent preterm delivery (at less than 35, 32, or 24 weeks) between BMI groups. The rates of preterm delivery across various gestational age and BMI categories in this study were consistent with our findings. The largest retrospective cohort study 7 addressing this question included 6,253 women with a history of a prior PTB treated with 17-OHPC and actually found a decrease in the rate of recurrent spontaneous PTB with increasing BMI even after controlling for race and prior PTB earlier than 28 weeks. To our knowledge, our study is the largest secondary analysis of a prospective cohort study examining the relationship Impact of Obesity on the Rate of Recurrent Spontaneous PTB in Women Treated with 17-OHPC Hauspurg et al. 813
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of maternal BMI to spontaneous PTB rates in women treated with 17-OHPC. While our analysis does not provide the anticipated clarity to the conflicting evidence reported in the literature, it does support the need for further investigation with larger pharmacologic studies. Clearly, previous studies and our current analysis are lacking critical information concerning plasma levels of 17-OHPC. Prior pharmacokinetic analyses performed by our group in both singletons and twins likely prompted the question of whether obese women require a higher dose of 17-OHPC. 3, 4 In one study 10 from the OPRU, we utilized a cohort of 61 women sampled throughout pregnancy to gain more insight into those factors that affect 17-OHPC plasma concentrations. We demonstrated that obese women have higher volumes of distribution and higher clearance rates ($17% for each) than normal weight women. Conceivably, this relationship likely leads to a decrease in plasma concentration.
As we did not have this plasma information in our larger omega-3 cohort available, we utilized available plasma data from this smaller OPRU pharmacokinetic study to demonstrate that plasma levels vary widely across maternal BMI categories. Based on this small cohort, there does not appear to be a strong association between maternal BMI and plasma 17-OHPC concentration. However, there was a wide variation in plasma concentrations of 17-OHPC across the study population, with values ranging from 3.7 to 56 ng/mL in women receiving the same 250 mg dose of 17-OHPC. With this wide variation in plasma levels, it is conceivable that there is considerable overlap in plasma concentrations among the obese and nonobese population. Of greater concern is the percentage of women who achieve therapeutic concentration, and whether this is modified by BMI. In a secondary analysis of the same cohort utilized in the current study, 3 we reported that plasma concentrations in the lowest quartile of plasma 17-OHPC concentrations had a higher rate of PTB than did women in the three higher quartiles. This relationship between 17-OHPC concentrations and the rate of PTB remained significant after adjustment for maternal BMI suggesting that obese women were not overrepresented in the lowest quartile of concentration. The picture is further clouded by the dynamic state of pregnancy with individual variability in body weight, protein binding, hormone levels, and drug metabolizing enzyme activity, all of which could affect 17-OHPC pharmacokinetics. All prior studies, ours included, did not account for gestational weight gain, which likely has at least a modest effect on this relationship.
12 Overall, the literature on this subject matter is conflicting, confusing, and quite limited by small sample sizes. As the number of obese pregnant women in the United States continues to increase, we feel the most effective approach to address this issue is through a prospective pharmacologic study with a large sample size to provide the granularity needed to specifically identify which maternal characteristics that impact plasma 17-OHPC concentrations. While the preponderance of the pharmacologic evidence suggests that maternal weight and BMI impact plasma levels and also that plasma levels impact efficacy of the drug, without critical information regarding plasma levels in our cohort, our ability to interpret our results is limited. With the current available evidence, a recommendation for dose adjustment of 17OHPC in obese pregnant women would be premature.
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